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Abstract

Background: With age, older adults experience declines in both short- and
long-term memory. One way to counter these age-related declines is through
memory interventions which include computerized cognitive training and noncomputerized cognitive stimulation. This dissertation examined whether a
cognitive training program, Dakim BrainFitness (Dakim Inc., 2002) and a program
of cognitive stimulation, Mind Your Mind (Seagull & Seagull, 2007), enhance
memory performance among cognitively-intact older adults residing in
independent-living retirement communities. Specifically, the following research
questions were proposed: (a) How effective is the computerized cognitive training
program in improving memory performance relative to the cognitive stimulation
program or a no-contact control condition? (b) How effective is the noncomputerized cognitive stimulation program, Mind Your Mind, at improving
memory performance relative to a control condition? and (c) Will memory training
gains endure 3-months post-training for those who participate in cognitive
training?

Method: Fifty-three older adults were randomized to cognitive training (n = 19),
cognitive stimulation (n = 17), or a no-contact control (n = 17) condition.
Participants in the cognitive training and cognitive stimulation conditions were
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asked to complete five 25-minute sessions per week for a 10-week period.
Memory outcome measures included the Auditory Verbal Learning Test (AVLT),
the Hopkins Verbal Learning Test (HVLT), and the Wechsler Memory Scale-Third
Edition (WMS-III) Family Pictures subtest. Outcome measures were
administered at baseline, immediately post-training (or equivalent delay), and
again at 3-months post-training.

Results: Multivariate Analysis of Variance indicated no significant differences
between the three training conditions on baseline characteristics and memory
outcome scores (p = .660). To test hypotheses one and two, memory outcome
measures were compared across training conditions and testing occasions. A
repeated measures MANOVA indicated a significant group x time interaction,
Wilks‟ Λ =.585, F(10,92) = 2.83, p = .004, partial η2 = .235. Follow-up analyses
for each memory outcome measure from baseline to immediately post-training
were conducted with training condition as the independent variable. Significant
group x time interactions were found between conditions for AVLT delayed recall,
F(2,50) = 3.683, p = .032, partial η2 = .128, and the HVLT immediate recall,
F(2,50) = 5.059, p = .010, partial η2 = .168. No significant group x time
interaction was indicated on the AVLT immediate recall, F(2,50) = 2.544, p =
.089, partial η2 = .092. There was a marginally significant group x time
interaction on the WMS-III Family Pictures delayed recall F(2,50) = 2.975, p =
.060, partial η2 = .106.
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Post-hoc comparisons for significant outcome measures were conducted
using Fisher‟s LSD test, while controlling for baseline performance. Results
indicated that the cognitive training condition performed significantly better than
the cognitive stimulation condition from baseline to immediately post-training on
the AVLT delayed recall (p = .012), as well as on HVLT immediate recall (p <
.001). The cognitive training condition also performed significantly better from
baseline to immediately post-training as compared to the no-contact control
condition (p = .011). A significant difference between the cognitive training
condition and the no-contact control condition was also found on the WMS-III
delayed recall measure (p = .030) immediately post-training. No significant
differences between any of the conditions were found on either AVLT immediate
or WMS-III Family Pictures immediate recall (ps > .05). There were no
differences between the cognitive stimulation and control conditions across all
memory outcomes (ps > .05). For hypothesis three, a repeated measures
MANOVA indicated no main effect of time within the cognitive training condition
for the memory outcome measures, Wilks‟ Λ = .047, F(6,11) = 2.11, p = .135,
partial η2 = .535.

Discussion: These findings provide evidence that the adaptive computerized
cognitive training program, Dakim BrainFitness, significantly improved memory
abilities as measured by the AVLT delayed recall, HVLT, and WMS-III Family
Pictures delayed recall relative to cognitive stimulation. In contrast, there were
no significant improvements for participants in the non-adaptive, non-
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computerized program of cognitive stimulation relative to controls. These
findings coincide with the Model of Adult Cognitive Plasticity that in order to
improve cognitive performance, there needs to be a mismatch between the
individual‟s capacities and the demands of the task. Adaptive cognitive training
may be more likely to provide a mismatch and produce positive plasticity
changes in the brain. Future research pertains to exploring the cognitive benefits
that these programs have on other types of cognitive domains.
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Chapter One: Introduction
Background
Cognitive interventions are designed to reverse cognitive declines
experienced by older adults with aging. More specifically, because one of the
biggest complaints among healthy older adults continues to be memory loss
(Balota, Dolan, & Duchek, 2000; Floyd & Scogin, 1997; Ronnlund, Nyberg,
Bäckman, & Nilson, 2005), many cognitive interventions have focused on the
enhancement of memory performance (Ball et al., 2002; Buschkuehl et al., 2008;
Carretti, Borella, & De Beni, 2007; Engvig et al., 2010; Mahncke et al., 2006;
Rasmusson, Rebok, Bylsma, & Brandt, 1999; Verhaeghen, Marcoen, &
Goossens, 1992; Wilson, 2005). This dissertation study examined whether a
cognitive training program, Dakim BrainFitness (Dakim Inc., 2002) and a program
of cognitive stimulation, Mind Your Mind (Seagull & Seagull, 2007), were
effective at enhancing memory performance among cognitively-intact older adults
residing in independent-living retirement communities.
Age-Related Changes in Memory
Memory is comprised of multiple systems that are organized by the type of
information being retrieved, and the length of time it is retained (Brickman &
Stern, 2009). Each of these systems experience a different degree of
vulnerability to the negative effects of aging (Brickman & Stern, 2009).
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Short-Term and Working Memory. Short-Term Memory (STM) and
Working Memory (WM; Baddeley & Hitch, 1974) are terms that are often used
interchangeably even though there is a distinct difference between the two (Old &
Naveh-Benjamin, 2008). STM refers to information that is in the conscious
awareness for a very brief period of time (Old & Naveh-Benjamin, 2008) whereas
WM involves the active maintenance and manipulation of information (Brickman
& Stern, 2009; Old & Naveh-Benjamin, 2008; Salthouse, 1994). Episodic STM
which pertains to time and space of information (Tulving, 1993), and WM has
shown to be negatively affected by aging. However, studies indicate that WM is
much more susceptible to age-related changes than STM (Bopp & Verhaeghen,
2005; Brickman & Stern, 2009; Glisky, 2007; McKoon, Ratcliff, & Dell, 1986; Old
& Naveh-Benjamin, 2008; Schieber, 2002). As one example, Park and
colleagues (2002) compared younger and older adults on visuospatial and verbal
tasks of STM (forward digit span and backwards digit span) and WM
(computation span and reading span). Performance on both the WM and STM
tasks were worse with increasing age, however, age-related difficulties with the
WM tasks were larger than that of the STM tasks. It is thought that the
performance differences exist because WM requires both processing and
storage, whereas STM tasks only require storage (Old & Naveh-Benjamin, 2008;
Park, et al., 2002; Salthouse, 1994)
Long-Term Memory. LTM refers to stored information that is no longer in
the active state of consciousness, the STM. Typically, such memory is examined
over delayed intervals of time (Brickman & Stern, 2009).
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Implicit and Explicit Memory. Implicit and explicit LTM vary in their
susceptibility to age-related changes (Brickman & Stern, 2009; Drag &
Bieliauskas, 2010; Mitchell & Bruss, 2003; Old & Naveh-Benjamin, 2008; Park &
Shaw, 1992). Explicit memory is the intentional retrieval of past experiences,
whereas implicit memory is the unintentional retrieval of past experiences that
influences an individual‟s behavior (Drag & Bieliauskas, 2010; Old & NavehBenjamin, 2008; Roediger, 1990; Schacter, 1987). Research indicates that
explicit memory abilities, but not implicit, declines with age (Drag & Bieliauskas,
2010; Mitchell & Bruss, 2003; Park & Shaw, 1992). For example, Mitchell and
Bruss (2003) examined age differences in implicit (as measured by wordfragment completion, word-stem completion, category exemplar generation,
picture-fragment identification, and picture naming) and explicit (category cued
recall, task memory, and WAIS-III Vocabulary Memory) memory of young,
middle-aged, and older adults. Significant differences between age conditions
were observed only for explicit memory tasks, with older adults performing worse
than younger adults.
In addition to age differences in memory observed in cross-sectional
studies, longitudinal analyses indicate memory changes with age. A study by
Zelinski and Burnight (1997) examined longitudinal changes in verbal explicit
memory among a sample of older adults between the ages of 55-81 over a 16year period. At two time points 16-years apart, participants were administered
three measures of explicit memory that consisted of the following: (1) immediate
recall of a 20-word list of concrete high frequency nouns that were studied for 3
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minutes, (2) immediate recall of an essay that was read and heard by the
participants simultaneously and (3) 20-minute delayed recognition of the words
from a list including the original items and 20 foils. Results indicated longitudinal
decline over the 16 years among adults over the age of 55 in text and list recall,
but not recognition. Other longitudinal studies such as the Victoria Longitudinal
Study (McDonald-Miszczak, Hertzog, & Hultsch, 1995) and the Iowa 65+ Rural
Health Study (Colsher & Wallace, 1991) have similar findings of explicit memory
declines across 6-years.
Episodic and Semantic Memory. Within explicit LTM, memory is further
categorized as episodic or semantic LTM. Age does not impact episodic and
semantic LTM equally (Brickman & Stern, 2009).
In the STM system, episodic memory pertains to experiences that are
within the conscious awareness (Old & Naveh-Benjamin, 2008). In LTM,
episodic memory pertains to the conscious recollection of personally experienced
events that focuses on the „where‟, „what‟, and „when‟ of stored information
(Brickman & Stern, 2009). In contrast, semantic memory is the storage of factual
knowledge that is not related to any specific time or place (Drag & Bieliauskas,
2010; Old & Naveh-Benjamin, 2008; Tulving, 1983; Weiten, 2004). The impact of
age upon episodic and semantic LTM has been demonstrated in many studies
(Balota, Duchek, & Paullin, 1989; Head, Rodrigue, Kennedy, & Raz, 2008;
Nyberg, Bäckman, Erngrund, Olofsson, & Nilsson, 1996; Spaniol, Madden, &
Voss, 2006; Zacks, Hasher, & Li, 2000). A study by Spaniol, Madden, and Voss
(2006) included younger and older adults who were asked to judge the
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pleasantness of a series of words; half of which described living things. After
being presented with a list the words and given 1-minute for retention, each
participant completed an episodic or semantic memory test. Participants who
completed the episodic memory test responded as quickly as possible to whether
a certain word was from the study list. Participants who completed the semantic
memory test were asked to respond as quickly as possible as to whether a given
word described a living or nonliving thing. Results from this study showed that
younger adults perform better than older adults on tasks of episodic memory, but
no age differences were evident for tasks of semantic memory.
Studies indicate that the observed age differences in episodic LTM are
directly related to encoding and retrieval processes (Brickman & Stern, 2009).
For example, Craik and McDowd (1987) found large age-related deficits in the
ability to recall a target word following presentation, but no significant age
differences in the ability to make recognition-type responses to target words.
This indicates that age-related difficulties in episodic memory are attributable to
encoding and retrieval tasks that require a higher amount of processing such as
free recall (Brickman & Stern, 2009; Craik & McDowd, 1987; Drag & Bieliauskas,
2010; Old & Naveh-Benjamin, 2008).
To summarize, semantic and implicit memory remain relatively stable
throughout the lifespan (Old & Naveh-Benjamin, 2008; Stine-Morrow & Miller,
1999), but declines in STM, WM, explicit memory, and episodic memory (both
short- and long-term) are evident. One way to counter age-related declines in
these memory abilities is through memory training (e.g., Ball, et al., 2002; Bond,
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Wolf-Wilets, Fiedler, & Burr, 2000; Buschkuehl, et al., 2008; Carretti, et al., 2007;
Gunther, Schafer, Holzner, & Kemmler, 2003). To understand how cognitive
interventions are able to successfully improve memory abilities, researchers
proposed the Model of Adult Cognitive Plasticity.
Theoretical Support
Model of Adult Cognitive Plasticity. Plasticity represents the flexibility
of the brain to optimize performance in reaction to environmental demands
(Lövdén, Bäckman, Lindenberger, Schaefer, & Schmiedek, 2010). When there is
a decrease in brain demands, negative plasticity (cognitive decline) occurs, while
an increase in brain demands results in positive plasticity (cognitive
improvement). Whether positive or negative, the brain is capable of reorganizing
the patterns and systems of connections between neurons and synapses to
adjust the amount of demand received (Stiles, 2000).
The Model of Adult Cognitive Plasticity (Lövdén, et al., 2010) claims that
cognitive interventions are effective when there is a mismatch between the
individual‟s cognitive capacities and the demands of the task (Lövdén, et al.,
2010). If the task is effortless, the brain can respond easily with no mismatch
between the brain and environmental demand. This causes no changes within
the brain. In contrast, if a task is cognitively challenging, it will make the brain
work harder than its capacity, providing stimulation within the brain. The
stimulation of neurons and synapses in the brain results in significantly improved
memory performance (Hertzog, Kramer, Wilson, & Lindenberger, 2009;
Verhaeghen, et al., 1992).

7
Engagement Hypothesis. The engagement hypothesis states that older
adults who engage in cognitively-stimulating activities will experience less
cognitive decline over time, and a reduced chances of developing dementia
compared to inactive individuals (Fratiglioni, Paillard-Borg, & Winblad, 2004).
According to this perspective, individuals who participate in either cognitive
training or cognitive stimulation should experience a slower rate of cognitive
decline.
Cognitive Interventions to Enhance Memory
To enhance the memory abilities negatively impacted with age, a variety
of training techniques and formats are used as interventions. Techniques include
general cognitive stimulation and computerized cognitive training. Within each
technique, the format varies in the type of strategy used (e.g., mnemonic or
strategic) (See Papp, Walsh, & Snyder, 2009 for review). As a result, it is difficult
to conclude which type of training is most or least effective at enhancing memory
abilities among the older adult population. However, determining the
effectiveness of different memory training programs to improve the memory
functioning of older adults can help researchers identify, and older adults utilize,
effective memory training programs.
Computerized memory training. Many studies have used computer-based
training as a way to enhance memory function among older adults (e.g., Bond, et
al., 2000; Buschkuehl, et al., 2008; Gunther, et al., 2003; Larrabee & Crook,
1989; Mahncke, et al., 2006; Rasmusson, et al., 1999). For example, a study by
Buschkuehl and colleagues (2008) examined the efficacy of 12 weeks of
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computerized training in which participants had two training sessions per week,
each lasting approximately 45 minutes. Participants in the experimental
condition trained on WM (sequence repetition and object identification) and
reaction time (object identification) tasks. The active control condition included
physical activity with the use of an exercise bicycle for the same amount of time
as the experimental group. Increased memory performance as indicated by
visual WM and visual episodic STM among the experimental group, compared to
the active control group, immediately after memory training completion was seen.
However, no group differences were found one year after memory training was
completed (Buschkuehl, et al., 2008). Consistent with other studies (Ball, et al.,
2002; Bond, et al., 2000; Gunther, et al., 2003; Li et al., 2008), episodic STM and
WM abilities were significantly improved through memory training.
Another type of computerized memory training program used to improve STM
in a study conducted by Mahncke et al. (2006). In this study, participants were
randomly assigned to the experimental computer-based training, the active
computer-based control, or the no-contact control group. Computerized training
for the experimental group involved the Brain Fitness software developed by
Posit Science. This cognitive training program consists of six auditory cognitive
exercises designed to enhance cognitive performance. These six exercises
(High or Low, Tell Us Apart, Match It!, Sound Replay, Listen and Do, and Story
Teller) adjust in difficulty depending on the users performance. Training lasted
for 60 minutes a day, 5 days a week, for 8-10 weeks at home. The active
computer-based control group viewed DVD-based audiovisual educational
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material on a computer with the same training schedule as the experimental
group (60 minutes a day, 5 days a week, for an 8-10 week period). The nocontact control group did not participate in study-related activities beyond
consent and the three testing visits (pre-, post-, and follow-up). Results from this
study show that computerized training significantly improved auditory STM
performance up to 25%, which remained enhanced three months later (Mahncke,
et al., 2006). These results are consistent with other computerized memory
training studies that found significant improvements in STM performance among
older adults (e.g., Larrabee & Crook, 1989; Mahncke, et al., 2006; Rebok,
Rasmusson, & Brandt, 1996).
Advantages and disadvantages. Computerized cognitive training
techniques have many advantages over non-computerized training.
Computerized techniques tend to be cost effective, self-administered, flexible
with training times, and easy to distribute (Rebok, Carlson, & Langbaum, 2007).
During training, most computerized programs can measure change, provide
immediate feedback and scoring, and give supportive and motivational
messages to enhance learning (Gunther, et al., 2003). In addition, computerized
training can adapt exercises to each participant‟s level of performance
throughout training. According to some researchers (Lövdén, et al., 2010;
Valenzuela & Sachdev, 2009), this keeps training at an optimal level of
challenge; allowing the user to get the most benefit from the system. Most
importantly, research has demonstrated that computerized memory training is an
effective tool for enhancing various memory abilities including WM, STM, and
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episodic LTM among older adults (Bond, et al., 2000; Gunther, et al., 2003;
Mahncke, et al., 2006; Rebok, et al., 2007).
There are also certain disadvantages associated with computerized
memory training. Besides participants needing access to computers, it is also
likely that some older adults will not know how to operate one (Rebok, et al.,
2007). However, this is becoming less of an issue as baby boomers age and the
use of computers among the older adult population grows (Rebok, et al., 2007).
Although some older adults might not know how to operate computers, research
shows that participants are able to use computerized training programs
independently and successfully after given basic instruction (Rebok, et al., 1996).
Companies promoting brain fitness products, such as Dakim, Inc., are making it
easier for older adults to train on computers by incorporating touch screens (no
mouse or keyboard), using information that is more relevant to their generation,
and requiring no previous knowledge of a computer in order to operate.
Dakim BrainFitness. Moving into the next generation of cognitive training, a
computerized cognitive training program called Dakim BrainFitness was
developed in 2002 for active seniors and for those who may have mild cognitive
issues. The program has many features including touchscreen monitors so
users do not need to utilize a mouse of keyboard, feedback on performance,
cohort-relevant information, and daily updated games and information, making
this system appealing to the older adult population. In fact, according to Dakim
Inc. (2002), BrainFitness is the most widely used brain fitness product among
senior living communities.
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The Dakim BrainFitness system has a total of 50 games designed to
stimulate six cognitive domains: STM, LTM, language, computation, visuospatial
orientation, and critical thinking. While many games are designed to improve
more than one cognitive domain, 12 Dakim BrainFitness games are designed to
improve STM and seven games are designed to improve LTM. The memory
games incorporate instructions on memory techniques including association,
visualization, and the story method. See the Method section for detailed
information about these exercises.
In order to accommodate the degree of variance in cognitive functioning
among older adults, this program implements five levels of challenge. Level 1 is
designed for older adults who have no cognitive decline, levels 2-3 are for those
with typical age related decline, and levels 4-5 are for those with mild to
moderate decline or dementia.
The Dakim BrainFitness cognitive training program is adaptive and adjusts
the level of difficulty within each cognitive domain. For example, a user
mastering a calculation question will see an increase in the difficulty of the
material. This process ensures that the participant is maintaining an optimal
level of challenge (Valenzuela & Sachdev, 2009). Maintaining this level of
challenge may ensure that the user is getting the most benefit from the system.
Although this program claims to be the most widely used brain fitness
program among senior-living communities, only one study has been conducted to
examine the efficacy of the Dakim BrainFitness program on memory abilities.
This study, conducted by Miller and colleagues (Miller et al., 2010), examined
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whether the use of the Dakim BrainFitness program improved immediate
memory (as measured by the Total Buschke-Fuld, Rey-Osterrieth, and Total
Learning Verbal Paired Associates I) and delayed memory (as measured by the
Total Buschke-Fuld, Rey-Osterrieth and delayed recall Verbal Paired Associates
II) among 41 cognitively-healthy older adults residing in independent-living
facilities. Participants were randomized to either the Dakim BrainFitness training
condition or the no-contact control condition. The training condition was asked to
complete 40, 30-minute sessions over a 2-month period. Both conditions
completed standard neuropsychological tests of attention/working memory,
language, executive functioning, memory, and mood at baseline, after 2-months
of training, and at 6-months of training. Results indicate that the training
condition significantly improved in one objective measures of delayed recall
(HVLT-R delayed recall). Results from time three data indicated that participants
who trained on the Dakim BrainFitness program continuously over the 6-month
period significantly improved in measures of delayed recall (HVLT, ReyOsterrieth, Buschke, Verbal Pairs) when compared to those in the control group.
This study indicates that the Dakim BrainFitness program may be effective at
improving delayed recall, particularly for those who trained continuously over the
6-month period (Miller, et al., 2010).
Non-computerized cognitive stimulation. Besides computerized cognitive
training, another type of cognitive intervention is non-computerized cognitive
stimulation. This type of cognitive intervention involves enhancing the
environment and experiences of the older adult by providing cognitively-
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stimulating activities (Stine-Morrow, Parisi, Morrow, & Park, 2008). Research
indicates that cognitively-stimulating leisure activities are associated with a
decreased risk of dementia (Fabrigoule et al., 1995; Scarmeas, Levy, Tang,
Manly, & Stern, 2001; Verghese et al., 2003; Wang, Karp, Winblad, & Fratiglioni,
2002). For example, a study by Verghese and colleagues (2003) examined the
relationship between leisure activities and the risk of dementia among 469
community-dwelling older adults over the age of 75 who did not have a diagnosis
of dementia at baseline. This study examined both cognitive- and physicalactivity. At baseline, participants were interviewed regarding six cognitive
activities (reading books or newspapers, writing for pleasure, doing crossword
puzzles, playing board games or cards, participating in organized group
discussions, and playing musical instruments), and 11 physical activities (playing
tennis or golf, swimming, bicycling, dancing, participating in group exercises,
playing team games such as bowling, walking for exercise, climbing more than
two flights of stairs, doing housework, and babysitting). Results found that
cognitive and physical activities including reading, playing board games, playing
musical instruments, and dancing were associated with a reduced risk of
dementia at the five year follow-up visit. In addition, results indicate that greater
participation in the amount of cognitive activity performed was correlated with a
smaller rate of decline in cognition, specifically in episodic memory.
Another study by Fabrigoule and colleagues (1995) examined the relationship
between social and leisure activities and the risk of ensuing dementia diagnosis
among 2,040 community residents aged 65 and older. Information regarding 10
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social and leisure activities was collected at baseline and dementia assessments
were obtained at a 1 and 3-year follow-up visit. Social and leisure activities
included data on sports and gymnastics participation, traveling, visits to friends or
family members, child care, and participation in golden age clubs or associations.
Data was also collected on reading, watching television, playing parlor games,
gardening, odd jobs, and knitting. Results found that all but one (golden age club
participation) of the leisure and social activities were significantly associated with
a decreased risk of dementia.
Although cognitive stimulation sounds promising, most research associating
cognitively-stimulating activities to a decreased risk of dementia is correlational.
Only a couple of studies have examined whether cognitively-stimulating activities
can directly improve memory abilities (Craik et al., 2007; Fried et al., 2004;
Levine et al., 2007; Stine-Morrow, Parisi, & Morrow, 2008; Stuss et al., 2007).
One of these studies was conducted by Stine-Morrow and colleagues (2008) in
which older adults were randomized to a program of cognitive stimulation, or a
control condition. Fluid abilities, functions that reflect the capacities for insight
into complex problem-solving tasks (Alwin & Hofer, 2008), were assessed with
outcome measures of speed of processing (Letter and Pattern Comparison),
reasoning (Letter Sets and Figure Classification and Everyday Problem Solving),
working memory (Letter-Number Sequencing), visual-spatial processing (Card
Rotation and Hidden Patterns), and fluency (Word Association, Ornamentation,
and Opposites FAS, and Alternate Uses). Results indicate that relative to the
controls, the experimental condition had a positive change in a composite
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measure of fluid ability from pre- to post-training but no changes in working
memory were found. Thus, Stine-Morrow et al. (2008) provided some
experimental evidence that engagement can mitigate age-related cognitive
declines in fluid ability, but not memory performance specifically. Thus, to date,
there still appears to be no evidence that cognitively-stimulating activities can
directly improve memory abilities among older adults residing in independentliving facilities.
Unlike cognitively-stimulating activities, adaptive cognitive training programs
may be more effective at enhancing memory abilities (Lövdén, et al., 2010;
Valenzuela & Sachdev, 2009). Thus, it is questionable whether non-adaptive
programs such as cognitively-stimulating activities, are capable of enhancing
memory performance. Adaptive programs provide users with activities that
maintain an optimal level of challenge in order to maximize potential benefits
from training (Valenzuela & Sachdev, 2009). Activities that are too easy will not
provide enough mental stimulation, whereas activities that are too hard only
cause frustration and mental fatigue. Experimental studies examining the effects
of cognitive-stimulation on memory performance among older adults are needed.
Mind Your Mind. A program of cognitive stimulation designed for older
adults in the attempt to delay age-related cognitive decline is Mind Your Mind
(Seagull & Seagull, 2007). This commercially-available program of pencil-andpaper exercises is geared toward the concept of “mental fitness” and contains
practical exercises, factual knowledge, and strategic support for everyday
situations that are designed to enhance older adults‟ crystallized intelligence, and
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indices of fluid intelligence such as memory, verbal fluency, executive
functioning, language processing, and visual perception. This program consists
of 9 sections: Metacognition, Memory, Flexible Thinking, Perception, Using
Language, Reasoning, Using Numbers, Spatial Relationships, and
Communication. Unlike the computerized cognitive training programs, like Dakim
BrainFitness that are adaptive, programs of cognitively-stimulating exercises,
such as Mind Your Mind, are not.
Although the Dakim BrainFitness and Mind Your Mind programs sound
promising, to date, there is only one study that has examined the efficacy of
Dakim BrainFitness and none, to the best of our knowledge, that have examined
the effectiveness of Mind Your Mind. Thus, this study examined the efficacy of a
computerized cognitive training program, Dakim BrainFitness, and a program of
non-computerized cognitive stimulation, Mind Your Mind, to enhance memory
performance among cognitively-intact older adults. The study compared groups
of older adults trained in either the computerized or non-computerized program to
a no-contact control group.
Study Hypotheses
Hypothesis One. Older adults randomized to cognitive training would
experience significantly enhanced memory capabilities as measured by the
Hopkins Verbal Learning Test (HVLT), the Auditory Verbal Learning Test (AVLT),
and the Wechsler Memory Scale-Third Edition (WMS-III) Family Pictures subtest
relative to those randomized to the cognitive stimulation or control conditions
immediately post-training.
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Hypothesis Two. Older adults randomized to the Mind Your Mind
program of cognitively-stimulating exercises would not experience significantly
improved memory function as measured by the HVLT, AVLT, and the WMS-III
Family Pictures Test compared to those randomized to the control condition
immediately post-training.
Hypothesis Three. Older adults randomized to the cognitive training
condition would maintain significantly enhanced memory capabilities as
measured by the HVLT, AVLT, and WMS-III Family Pictures Test across time.
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Chapter Two: Method
Recruitment and Sample
An informed consent statement approved by the USF Institutional Review
Board was signed by all participants. This statement was provided to the
participant at the beginning of their first session. Participants were given time
alone to read over the statement. After the individual read the statement, the
Research Assistant obtaining the informed consent summarized the information
and briefly described the study in layman‟s terms as well as informed the
individual about their rights as a research participant. The participant was asked
if they had any questions about participating in the study. The Research
Assistant answered any questions and asked the participant if they would like to
participate in the study or if they would like to take more time to think about it.
When the participant indicated interest in continuing with the study, the person
obtaining consent signed the informed consent statement along with the
participant. The participant received a copy of the informed consent statement.
Any indication of unwillingness to participate was observed and respected.
Eighty-one participants aged 65 years and older residing in independentliving facilities were recruited from five locations throughout the Tampa Bay area
by fliers and presentations. Of the 81 participants screened, seven were
ineligible for the study. Of these seven, five of the participants were ineligible
due to a score < 23 on the Mini Mental State Exam (MMSE), one was ineligible

19
due to inadequate vision, and one participant was ineligible due to prior
participation in a brain fitness training study (See Measures section for details
regarding inclusion criteria). Sampling and flow of participants are displayed in
Figure 3.1.
Excluding those who refused (n = 20), were ineligible (n = 7), or missing
data (n = 1) (see Results for details), analyses included 53 older adults between
the ages of 65 and 96 years (M = 82.24 years, SD = 7.89 years) who completed
baseline and immediately post-training visits. Years of education ranged from
11th grade to doctoral level (M = 15.39 years, SD = 2.53 years). The sample
included 74% women, and was comprised of 98% Caucasians. The
computerized cognitive training condition was comprised of 17 participants, the
non-computerized cognitive stimulation condition was comprised of 19
participants, and the no-contact control condition was comprised of 17
participants. Demographics by training condition are reported in Table 3.1.
Inclusion criteria. The screening measures were used to ascertain that
participants could adequately view the stimuli and had sufficient cognitive
functioning to complete the training requirements. Individuals 65 years of age
and older were eligible to participate. In addition, because the intervention
programs included instructions and stimuli in English only, all participants were
required to be Native English speakers, as indicated by self-report.
The Mini Mental State Exam (MMSE; Folstein, Folstein, & McHugh, 1975) is
widely used as a screening instrument for cognitive functioning. Scores reflect
abilities in delayed recall, orientation, registration, attention, language, and
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construction. Scores range from 0 to 30 but only participants who score 23 or
higher were eligible for the study (Folstein, et al., 1975). Higher scores indicate
better cognitive performance.
Near visual acuity was assessed using a standard near vision letter chart via
routine procedures with optical correction (if applicable). Based on previous
cognitive training studies (Edwards et al., 2005), a score of 20/80 or better was
required for participation in the study.
Hearing assessment. Hearing sensitivity was assessed using a portable
audiometer. Pure-tone hearing thresholds were measured 1,000 and 2,000 Hz,
the pitch range in which many important speech cues fall, without using a hearing
aid.
Montreal Cognitive Assessment. The Montreal Cognitive Assessment
(MoCA) is a measure of cognitive status. This measure assesses different
cognitive domains including attention and concentration, executive function,
memory, language, visuoconstructional skills, conceptual thinking, calculations,
and orientation. Total score ranges from 0 to 30 points, with higher scores
indicating better overall cognitive functioning.
Memory Measures. In past memory training studies, the AVLT and the
HVLT were frequently used with older adults to measure auditory episodic STM
and LTM (e.g., Ball, et al., 2002; Becker, McDougall Jr., Douglas, & Arheart,
2008; Duff, Beglinger, Moser, Schultz, & Paulsen, 2010; Rasmusson, et al.,
1999; Rebok, Rasmusson, Bylsma, & Brandt, 1997; Smith et al., 2009). These
tests are sensitive to memory impairment (Schmidt, 1996) and assess free recall
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(AVLT and HVLT), recognition (HVLT), and learning (AVLT and HVLT).
According to the large-scale ACTIVE study conducted by Ball and colleagues
(2002), test-retest reliability for the AVLT is .73 and .78 for the HVLT. Visual
episodic STM and LTM, on the other hand, can be assessed by the Family
Pictures subtest of the Wechsler Memory Scale-III (WMS-III; Wechsler, 1997).
The average test-retest reliability for Family Pictures immediate recall is .66 and
.71 for Family Pictures delayed recall (Lichtenberger, Kaufman, & Lai, 2002).
AVLT. The AVLT (Rey, 1964, cited in Spreen & Strauss, 1991) was used to
measure immediate recall and learning. In the learning phase, participants were
presented with 15 unrelated words. Immediately after the first presentation, the
participants were asked to repeat as many words as possible. The participant
was read the same list of words four more times. During the 6th trial, participants
were given a second list of words to immediately recall. In the 7 th immediate
recall trial, participants were to recall as many words as they could remember
from the first list without hearing the words again. After a 15 minute delay, the
participants were asked to recall as many words from the first list as possible.
Scores range from 0 to 15 for each trial. Higher scores on the AVLT indicate
better recall. A total score from trials 1-5 and 7 were used in analyses for
immediate recall and the score from trial 8 was used for delayed recall in
analyses.
HVLT. The HVLT (Brandt, 1991) involves a list of 12 words that fit into three
different semantic categories. The HVLT required participants to listen to a list of
words and immediately recall them. Three trials were completed and the total
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number of words correctly recalled from each trial was used in analyses. Higher
scores indicated better immediate recall.
WMS-III Family Pictures. The WMS-III Family Pictures subtest (Wechsler,
1997) was used to assess visual memory and learning. Participants were first
shown a picture of seven family members they would be seeing in upcoming
scenes. In each of the four scenes they viewed a picture with four family
members in it. The participants had ten seconds to remember as much as they
could about each scene. After viewing each scene, participants were asked to
recall which family members were in each scene, where they were each located,
and what each of them was doing. Participants were asked to recall the items
immediately after viewing all four scenes and after a twenty minute delay.
Scores range from 0 to 64 for both the immediate and delayed recall. Higher
scores indicate better immediate and delayed recall.
Training Conditions
Dakim BrainFitness. The Dakim BrainFitness program trains six
cognitive domains primarily designed to enhance memory; STM, LTM, language
processing, computation, visuospatial orientation, and critical thinking. Games of
STM aim to improve recognition and recall abilities, whereas games of LTM
include multiple types of recall exercises. The exercises played in games of
language processing focus on oral language skills, definitions, translations,
abstraction, reading comprehension, associations, and spelling. Computation
games include exercises that focus on arithmetic, calculation, and mathematical
concepts, whereas games of visuospatial orientation include identifying figures
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and objects presented in different formats. Finally, games of critical thinking
focus on exercises of digit-symbol pairing, and grouping familiar objects
according to certain rules or criteria. During each training session, participants
completed games in multiple domains. Sessions were balanced in terms of
pictures seen and words heard. All exercises were adaptive.
Difficulty varies by category and is based on user performance. Tasks are
made more difficult by increasing the difficulty of the question and the amount of
concrete and distracter answer choices given to the user. For example, a user
may perform at a level 3 for computation and at a level 2 for LTM. The program
adapts to how the user is performing on a trial by trial basis. If the user is
performing well in a certain category, harder questions and answer choices will
be given, making the level of challenge appropriate to their performance. In
contrast, if a user is performing poorly, the program will automatically give them
easier questions to maintain the optimal level of challenge. Dakim Inc. provided
the BrainFitness systems for training at the independent-living facilities where
participants resided.
The Dakim BrainFitness program has pre-set training sessions lasting 25
minutes in length. For training, each participant had an account for the Dakim
BrainFitness program and asked to complete 5, 25-minute sessions per week (2hours total). Every training session each participant completes is logged in the
Dakim database. This provided an accurate measure of total training time
completed for each participant.
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Mind Your Mind. The Mind Your Mind program consists of nontechnological cognitively-stimulating exercises designed to enhance older adults‟
crystallized intelligence, and indices of fluid intelligence such as memory, verbal
fluency, executive functioning, language processing, and visual perception. The
program consists of nine sections: Metacognition, Memory, Flexible Thinking,
Perception, Using Language, Reasoning, Using Numbers, Spatial Relationships,
and Communication.
The first three sections of the Mind Your Mind program include the
Metacognition, Memory, and Flexible Thinking. The Metacognition section
contains exercises designed to help with awareness of thinking skills, improve
the ability to observe and think about ones thoughts, and to enhance
communicating skills. The Memory section is divided into two sub-sections;
retrieval and information processing. The retrieval sub-section is designed to
help individuals retrieve and recall information that is stored in memory, guide the
retrieval process, and reduce Tip-of-the-Tongue syndrome. The information
processing sub-section of Memory is designed to help remember names,
improve STM, and apply strategies for remembering. Flexible Thinking exercises
are designed to help find new and different approaches to everyday life, open
new pathways in the brain, and activate pathways that are weak.
The next three sections include Perception, Using Language, and
Reasoning. The perception section contains exercises designed to enhance
observation skills, reinforce concentration skills, and improve accuracy and
speed in perceptual tasks. The Using Language section contains exercises that
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are designed to help work on word fluency, discover alternative or multiple
meanings for words, and build vocabulary. The Reasoning focuses on logical
thinking and systemic thought. Exercises are designed to improve confidence in
problem solving abilities, and practice problem solving tasks involving logic.
The last three sections in the Mind Your Mind program include Using
Numbers, Spatial Relationships, and Communication. Using Numbers focuses
on everyday arithmetic and strategies. Exercises include practice problems on
arithmetic fundamentals, mathematical thought, and problems to help improve
accuracy and speed with numbers. Spatial Relationship exercises focus on
shape recognition, direction, and location, as well as map reading. Participants
perform exercises that explore different shapes and their relationships to each
other, recognize directional locations and frames of reference, and practice
reading maps. Lastly, the Communication section focuses on careful listening,
following and giving directions, and expanding vocabulary. Exercises include
transferring information to others using systemic thought and precise language,
improving listening abilities, giving organized and coherent directions, becoming
aware of body language, and making effective use of words to convey ideas.
Each of the nine sections contain a list of the goals and objectives for the
skill, a contents list for the section, a rationale explaining the skill and its
importance, exercises designed to give practice in the skill, self-help strategies
and suggestions for solving everyday problems, and a reflective assessment.
The Mind Your Mind exercises were divided into 10, 2-hour sections
where each section contained a weeks‟ worth of activities (5, 25-minute
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sessions). Participants were asked to record the date and time spent for every
session. Exercises were balanced in terms of pictures and word tasks and were
not speeded or adaptive.
Procedure
Participants were recruited from multiple senior-living communities around
the greater Tampa Bay area. Participants who met the inclusion criteria
completed a baseline assessment of memory performance. At the end of this
visit, participants were randomized to one of three conditions; immediate
computerized cognitive training, immediate non-computerized program of
cognitively-stimulating activity, or delayed no-contact control condition.
Participants in the two immediate training conditions began training after the
screening visit. While training participants received a phone call at weeks three,
six, and nine to check on their progress. Approximately six weeks after baseline
testing, participants in the delayed control condition received a phone call and
letter informing them that their participation was valuable and would begin their
training after the second testing visit. A script was used for all phone contacts.
The training protocol consisted of 20 hours of exercises. Training was
completed in 25-minute sessions, five times a week, for a 10 week period.
Participants were allowed to take breaks during the training session if needed.
Immediately following the intervention phase (or an equivalent delay), memory
performance was assessed. As stated in hypotheses one and two, we predicted
that the cognitive training condition, and not the cognitive stimulation condition,
would demonstrate significant improvements in memory performance
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immediately post-training. Therefore, memory outcome measures are only
assessed at 3-months post-training among those randomized to the cognitive
training condition.
Power Analyses
Preliminary analysis from a pilot study indicated a medium effect size of
cognitive training using the Dakim BrainFitness to improve WMS-III Family
Pictures-Delayed Recall performance (d = .58). Small effect sizes for the
cognitive training program to improve performance on WMS-III Family Pictures
immediate recall (d = .41), AVLT (d = .53), and HVLT (d = .64) were also found.
An estimated 50 people (about 16 in each condition) are needed to detect the
medium effect size (d = .58) as statistically significant with 95% power with twotailed statistical tests.
Analyses
To analyze the outcome measures using the same scale, memory
outcome scores were transformed into standardized z-scores. Additionally, to
avoid distorted statistics and lower the chance of having a Type 1 or II error
(Tabachnick & Fidell, 1996), any outliers that exceeded ± 2.5 standard deviations
from the mean (2-tailed) were recoded to +2.5z or -2.5z.
Potential covariates. A Multivariate Analyses of Variance (MANOVA)
was conducted to determine whether there were any baseline differences among
the three training conditions (cognitive training, cognitive stimulation, and control)
at baseline on characteristics of age, education, hearing, cognitive status, near
visual acuity, and the memory outcome measures (AVLT immediate and delayed
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recall, HVLT immediate recall, and WMS-III Family Pictures immediate and
delayed recall). In this analysis, the baseline characteristics and memory
outcome measures were the dependent variables while training condition was
the independent variable. The three training conditions were also compared to
see if there were differences in gender or race using Chi-square analysis.
Analyses for testing hypotheses one and two. To examine hypotheses
one and two, a repeated measures MANOVA was used to compare the three
training conditions on memory outcome measures (AVLT immediate and delayed
recall, HVLT immediate recall, and WMS-III Family Pictures immediate and
delayed recall) across testing occasions (baseline to immediately post-training).
The independent variables were training condition and time of test. The
dependent variables were the memory outcome measures (AVLT, HVLT, and
WMS-III Family Pictures). For an overall significant group x time interaction
indicating a training effect, follow-up repeated measures analyses for each
memory outcome measure were conducted. Post-hoc analyses were conducted
for any significant memory outcome measures using the Fisher‟s Least
Significant Difference test (LSD) to determine which training conditions were
significantly different.
Intent-to-treat analyses were used to test hypotheses one and two. All
participants with complete data on the memory outcome measures were included
in analyses regardless of training adherence.
Analyses for testing hypothesis three. To test hypothesis three, a
repeated measures ANOVA was conducted with testing occasion (baseline,
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immediately post-training, and 3-months post-training) as the independent
variable and the memory outcome measures as the dependent variables (AVLT,
HVLT, and WMS-III Family Pictures). As stated in hypothesis three, only the
cognitive training condition is included in these analyses. As with hypotheses
one and two, intent-to-treat analyses was used to test hypothesis three. All
participants with complete data on the memory outcome measures were included
in analyses regardless of training adherence.
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Chapter Three: Results
Attrition
Twenty participants refused to continue participation in the study between
baseline and 3-months post-training. Of these 20 participants: seven refused
because they were too busy; five refused due to health; two participants died;
two were unable to be contacted; and three refused because they were either
bored (n = 1) or did not like participating (n = 2). Of the three participants who
refused because they were bored or disliked participating, two were randomized
to the cognitive stimulation condition and one to the control condition. Across
conditions, six of the refusals were randomized to the cognitive training condition,
eight were in the cognitive stimulation condition, and four were in the control
condition. Chi-square analysis indicated that the three training conditions did not
significantly differ in the number of refusals, χ² = .549, N = 18, p = .68. Refer to
Figure 3.1 for details on participant flow.
Missing Data and Outliers
Any participants with missing data from the memory outcome measures
were excluded from analyses. There was one missing data point for the AVLT
immediate recall, one missing data point for AVLT delayed recall, and no missing
data points for the HVLT or WMS-III Family Pictures (immediate and delayed
recall). In addition, four outcome scores were considered outliers and recoded to
+ 2.5 z. One outlier was re-coded at baseline for the WMS-III Family Pictures
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immediate recall and three outliers were recoded at baseline for the WMS-III
Family Pictures delayed recall. After these adjustments, fifty-three participants
completed the study and were included in analyses. Thus, there were a total of
17 participants in the cognitive training condition, 19 in the cognitive stimulation
condition, and 17 in the control condition for analyses.
Training Completion
The amount of training time across the cognitive training and cognitive
stimulation training conditions ranged from 0 to 56 hours (M = 20.48, SD = 12.3).
For the cognitive training condition, training completion time between baseline
and immediately post-training ranged from 0 to 56 hours (M = 23.91, SD = 9.33).
Training completion time for the cognitive stimulation condition ranged from 0 to
52.5 hours (M = 21.08, SD = 12.55). Analysis using an Independent Samples ttest indicates that the cognitive training and cognitive stimulation conditions did
not significantly differ in the amount of training time completed between baseline
and immediately post-training, t(30) = -.729, p = .471. To test the study
hypotheses, intent-to-treat analyses were conducted. Therefore, no participants
were excluded from analyses due to the lack of training adherence.
Covariates
Chi-square indicated that the three training conditions were not
significantly different in gender, χ² (2, N = 54) = 1.14, p = .565, or race, χ² (2, N =
54) = 1.88, p = .391.
When MANOVA was used to compare the three training conditions across
baseline characteristics (age, education, cognitive status, near visual acuity) and
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memory measures (AVLT, HVLT, and WMS-III Family Pictures), results indicated
no significant group differences, Wilks‟ Λ = .722, F(18,84) < 1, p = .660, partial η2
= .150. Thus, the three training conditions did not significantly differ at baseline
and no baseline characteristics were used as covariates in the analyses to test
hypotheses one and two. Means and standard deviations for baseline
characteristics by condition are reported in Table 3.1.
Hearing Sensitivity
Hearing sensitivity was added approximately half-way through the study.
Therefore, hearing sensitivity was assessed in only 39 (72%) of the participants.
Of these 39 participants, nine were in the cognitive training condition, 19 were in
the cognitive stimulation condition, and 11 were in the control condition. Among
the subset of participants that completed the hearing assessment (n = 39), a
MANOVA was conducted to determine whether hearing thresholds (right ear
1,000 and 2,000 Hz, left ear 1,000 and 2,000 Hz) significantly differed across the
three training conditions (cognitive training, cognitive stimulation, control).
Results indicated no overall group difference, Wilks‟ Λ = .729, F(8,66) = 1.41, p =
.209, partial η2 = .146. Because there were not any baseline differences
between the three conditions, no covariates were used in subsequent analyses.
Hypotheses One and Two
To examine hypotheses one and two, a repeated measures MANOVA
was used to compare the three training conditions (cognitive training, cognitive
stimulation, control) across memory outcome measures (AVLT, HVLT, and
WMS-III Family Pictures) from baseline to immediately post-training. Results
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indicated no significant effects of group, Wilks‟ Λ = .793, F(10,92) = 1.13, p =
.347, partial η2 = .110, or time, Wilks‟ Λ = .957, F(5,46) < 1, p = .839, partial η2 =
.043. A significant group x time interaction, Wilks‟ Λ = .585, F(10,92) = 2.83, p =
.004, partial η2 = .235, was found. This indicates that the three training
conditions were significantly different across pre- to immediately post-training on
the memory outcome measures.
Follow-up analyses using repeated measures ANOVA for each memory
outcome measure from baseline to immediately post-training were conducted.
Means and standard deviations for the three training conditions on the memory
measures at baseline and immediately post-training are reported in Table 3.2.
AVLT Immediate recall. For AVLT immediate recall there was no
significant effect of group, F(2,50) < 1, p = .628, partial η2 = .018, no significant
effect of time, F(1,50) = 1.116, p = .296, partial η2 = .022, and no significant group
x time interaction F(2,50) = 2.544, p = .089, partial η2 = .092. Results indicate
that the three training conditions did not differ significantly on the AVLT
immediate recall (p = .089). Mean z-scores for the AVLT immediate recall at
baseline and immediately post-training are presented in Figure 3.2.
AVLT Delayed recall. For AVLT delayed recall, no significant effect of
group, F(2,50) < 1, p = .865, partial η2 = .006, no significant effect of time, F(1,50)
< 1, p = .822, partial η2 = .001, but a significant group x time interaction, F(2,50) =
3.683, p = .032, partial η2 = .128. Post-hoc comparisons with Fisher‟s LSD test
indicated that the cognitive training condition performed significantly better than
the cognitive stimulation condition on the AVLT delayed recall immediately post-
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training (p = .012). No significant difference was found between the cognitive
training and the no-contact control condition (p = .198). Neither was a significant
difference found between the cognitive stimulation and control condition (p =
.206). Mean z-scores for the AVLT delayed recall at baseline and immediately
post-training are presented in Figure 3.3.
HVLT. For HVLT immediate recall there was no significant effect of
group, F(2,50) = 2.370, p = .104, partial η2 = .087, no significant effect of time,
F(1,50) < 1, p = .349, partial η2 = .018, but a significant group x time interaction,
F(2,50) = 5.059, p = .010, partial η2 = .168. Post-hoc comparisons with Fisher‟s
LSD test indicated significantly better performance for the cognitive training
condition than the cognitive stimulation condition (p < .001), and as compared to
the control condition (p .011) on the HVLT immediately post-training. No
significant differences were found between the cognitive stimulation and control
condition (p = .151) on the HVLT immediately post-training. Mean z-scores for
the HVLT immediate recall at baseline and immediately post-training are
presented in Figure 3.4.
WMS-III Family Pictures Immediate recall. For WMS-III Family Pictures
immediate recall, there was no significant effect of group, F(2,50) = 1.198, p =
.310, partial η2 = .046, no significant effect of time, F(1,50) < 1, p = .556, partial η2
= .007, and no significant group x time interaction, F(2,50) < 1, p = .808, partial η2
= .009. Results indicate that the three training conditions did not differ
significantly on WMS-III Family Pictures immediate recall. Mean z-scores for the
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WMS-III Family Pictures immediate recall at baseline and immediately posttraining are presented in Figure 3.5.
WMS-III Family Pictures Delayed recall. For WMS-III Family Pictures
delayed recall there was a no significant effect of group F(2,50) = 1.424, p =
.250, partial η2 = .054, no significant effect of time, F(1,50) < 1, p = .362, partial
η2 = .017, and a marginally significant group x time interaction, F(2,50) = 2.975, p
= .060, partial η2 = .106. Fisher‟s LSD test indicated significantly better
performance for the cognitive training condition than the control condition (p =
.030) on the WMS-III Family Pictures delayed recall measure immediately posttraining. There were no significant differences between cognitive training and
cognitive stimulation conditions or between the cognitive stimulation and control
conditions (ps > .05). Mean z-scores for the WMS-III Family Pictures delayed
recall at baseline and immediately post-training are presented in Figure 3.6.
Hypothesis Three
Repeated measures ANOVA revealed no significant main effect of time for
participants in the cognitive training condition, Wilks‟ Λ = .47, F(6,11) = 2.11, p =
.135, partial η2 = .535. These results suggest no overall changes on the
outcome measures across time. Mean z-scores for the cognitive training
condition on the memory outcome measures across time are displayed in Figure
3.7.
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Table 3.1. Baseline Descriptive Means and Standard Deviations by Training
Condition
Cognitive
Training

Cognitive
Stimulation

Control

Overall

Age

n = 17
M(SD)
82.41(6.68)

n = 19
M(SD)
81.32(9.68)

n = 17
M(SD)
83.82(6.55)

n = 53
M(SD)
82.24(7.89)

Education (in years)

15.06(2.56)

15.84(2.29)

15.18(2.88)

15.39(2.53)

Gender (% Female)

64.7%

78.9%

77.8%

74.1%

Race (% Caucasian)

100%

94.7%

100%

98.1%

Near Visual Acuity†

0.1529

0.1537

0.1500

0.1522

MMSE

28.18(1.98)

27.58(2.01)

27.22(2.02)

27.65(2.00)

Cognitive Status††

25.53(3.06)

23.74(3.84)

24.12(3.46)

24.43(3.51)

Variable

Notes: M=mean, SD=standard deviation; †Near Visual Acuity is reported in
LogMAR scores. ††Cognitive status was assessed by the Montreal Cognitive
Assessment (MoCA; Nasreddine et al., 2005)
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Table 3.2. Baseline Mean and Standard Deviations for Memory Outcome Measures across Training Condition

Variable
AVLT Immediate Recall
Baseline
Immediately Post-Training
AVLT Delayed Recall
Baseline
Immediately Post-Training
HVLT Immediate Recall
Baseline
Immediately Post-Training
Family Pictures Immediate Recall
Baseline
Immediately Post-Training
Family Pictures Delayed Recall
Baseline
Immediately Post-Training

Cognitive Training
n = 17

Cognitive Stimulation
n = 19

Control Condition
n = 17

Total
n = 53

M (SD)

M (SD)

M (SD)

M (SD)

49.29 (15.42)
59.88 (15.29)

48.05 (17.51)
50.84 (15.46)

48.00 (17.54)
54.82 (18.55)

48.43 (16.56)
55.02 (16.57)

6.47 (4.37)
9.12 (3.82)

7.47 (4.54)
7.53 (3.79)

6.29 (4.63)
7.82 (4.64)

6.77 (4.46)
8.13 (4.07)

23.53 (6.08)
25.76 (6.53)

21.53 (6.45)
18.68 (5.55)

23.24 (6.54)
22.24 (7.14)

22.72 (6.31)
22.09 (6.94)

33.24 (9.42)
35.88 (11.76)

28.26 (13.60)
29.63 (15.92)

29.82 (10.50)
29.71 (12.66)

30.36 (11.39)
31.66 (13.72)

32.53 (10.92)
37.53 (10.48)

26.00 (14.77)
30.95 (15.57)

30.06 (10.52)
29.24 (13.15)

29.40 ( 2.40)
32.51 (13.55)
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Assessed for Eligibility
(n=81)

Excluded for not meeting
inclusion criteria (n = 7)

Enrollment

Randomized to the
Cognitive Training
Condition
(n = 23)

Randomized to the
Cognitive
Stimulation
Training Condition
(n = 28)

Received
Treatment
(n = 17)

Received
Treatment
(n = 19)

Lost to follow-up:
Did not return for
immediately posttraining (n = 6)

Lost to follow-up:
Did not return for
immediately posttraining (n = 8)
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Figure 3.1. Sampling and Flow of Participants
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Figure 3.3. Mean z-scores for the AVLT Delayed Recall at Baseline and
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Chapter Four: Discussion
This study examined whether two cognitive interventions, cognitive
training and cognitive stimulation were effective at enhancing memory
performance among cognitively-intact older adults residing in independent-living
retirement communities. As discussed in chapter one, episodic STM, WM,
explicit memory, and episodic LTM are negatively impacted with advancing age,
but can be improved or maintained through cognitive interventions. Thus, it is
important that cognitive interventions are clinically tested to determine whether
programs such as cognitive training and cognitive stimulation can directly
improve memory abilities among older adults.
Hypothesis One
Hypothesis one predicted that older adults randomized to the
computerized cognitive training program, Dakim BrainFitness, would experience
enhanced memory capabilities relative to the conditions receiving the noncomputerized Mind Your Mind program of cognitively-stimulating activities or the
no-contact control. Because the cognitive training condition did not perform
significantly better on the entire battery of memory outcome measures, this
hypothesis is only partially supported.
The BrainFitness cognitive training program significantly improved
episodic memory abilities related to immediate recall of semantically-related lists
of words, and delayed recall of non-related words. With regard to delayed recall
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results, participants in the cognitive stimulation and control conditions
experienced declines from baseline to immediate-post-training which, in part,
account for significant findings. Results also indicated that performance on the
WMS-III Family Pictures delayed recall subtest from baseline to immediately
post-training was significantly better for the cognitive training condition than the
control conditions. Again, these findings can at least in part be attributed to
declines in the control condition over this time period.
No significant differences were found on the memory outcome measures
of AVLT immediate recall, and WMS-III Family Pictures immediate recall. These
findings indicate that the Dakim BrainFitness program may not significantly
improve episodic memory abilities when stimuli are visually-presented
(immediate or delayed). Further, the training program did not affect the
immediate memory of lists of unrelated words that were aurally presented. Thus,
cognitive training using the Dakim BrainFitness program appears more effective
at enhancing immediate recall of episodic semantically-related words among
older adults.
With significant training effects observed in the cognitive training condition
relative to the cognitive stimulation condition, as well as no differences between
the cognitive stimulation and control conditions, this study provides support for
the Model of Adult Plasticity. According to this theory, in order to improve
cognitive performance, brain exercises need to be adaptive so that there is a
continuous mismatch between the individuals‟ cognitive capacities and the
demands of the task.
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Results from this study coincide with the results of Miller and colleagues
(2010) who found that the Dakim BrainFitness program is effective at significantly
improving auditory delayed recall, particularly for those who trained continuously
over a 6-month period. Similar to the present findings, no training effects were
found on visually-presented stimuli.
Hypothesis Two
The findings support the second hypothesis that older adults randomized
to the Mind Your Mind program of cognitive stimulation would not experience
significant improvements relative to the control condition. Unlike cognitive
training, which adapts to each individuals level of performance and maintains an
optimal level of challenge, the cognitive exercises completed by participants in
the cognitive stimulation were likely not challenging enough or too hard to
significantly enhance memory performance (Lövdén, et al., 2010; Valenzuela &
Sachdev, 2009). This lack of mismatch between the individual‟s capacities and
the demands of the task results in no significant changes in memory
performance.
These study findings do not provide support for the engagement
hypothesis, particularly in regard to memory measures with aurally-presented
stimuli. Our results suggest that there were no significant effects of engaging in
cognitively-stimulating activities compared to the control condition. On the
contrary, from examination of Figures 3.2, 3.3, and 3.4, there was a tendency for
decline in this condition on memory measures with aurally-presented stimuli.
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According to the engagement hypothesis, cognitive training and cognitive
stimulation effects would be similar, but this not reflected in our findings.
Hypothesis Three
The third hypothesis stated that memory training gains would endure for
those who participated in cognitive training 3-months post-training relative to
baseline. Analyses indicate that although there were some significant
differences immediately post-training on the AVLT delayed recall, HVLT
immediate recall, and WMS-III Family Pictures delayed recall (marginally
significant), these training gains did not endure at 3-months post-training.
These results suggest that although the cognitive training program Dakim
BrainFitness is able to immediately improve memory abilities, once use of the
program is ceased, observed improvements in memory performance declined
back to pre-training levels. Therefore, based on these findings, participants who
wish to maintain memory performance over an extended period of time may need
to continue use of the BrainFitness program on a regular basis or incorporate
booster training (e.g., follow-up training sessions after the initial intervention
period) as conducted in the ACTIVE study (Ball, et al., 2002).
Interestingly, there is a large degree of variance present in the current
literature regarding the maintenance of training gains over time. As this study
indicates, continued use of a training program may be the best method for
maintenance. However, researchers claim that the best way for older adults to
maintain training gains without continuous use of the training program is to teach
skills they can use in their daily life (Anschutz, Camp, Markley, & Kramer, 1987;
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Rebok, et al., 2007). Training programs that do not teach skills used on a daily
basis will not likely show small long-term durability (Rebok, et al., 2007). For
example, Anschutz, Camp, Markley, and Kramer (1987) found that 90% of their
participants used the method of loci for remembering a word list during the study.
However, participants failed to incorporate this method into their everyday life
causing continued problems with recall tasks. In contrast, older adults who do
continue to use the skills learned from training decline at a slower rate and
experience gains for a longer period of time (Hall et al., 2009). Although the
Dakim BrainFitness program teaches various memory training techniques, it may
be that the skills taught are not being incorporated into the user‟s daily life.
Study Limitations
There are notable limitations to this study. First, because the cognitive
training program was not available for individual use, the study was restricted to
senior housing locations in which one computer could be used by multiple older
adults. As a result, the sample is comprised of mostly Caucasian females, which
represents the typical older adult residing in independent-living facilities.
Therefore, this sample may not generalize to community-based older adults who
are a minority or of male gender.
Second, a known limitation to longitudinal studies, especially ones that
require a good degree of commitment by participants, is attrition. Although we
expected some degree of attrition, there was a larger amount of refusals (25.3%)
than expected. As noted in the results section, participants refused participation
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in the study for various reasons but mostly due to poor health or the time
commitment required.
Third, this study administered the same measure across three time points.
Different versions of each outcome measure would be preferred to reduce
practice effects. Although the AVLT and HVLT have multiple versions, the WMSIII Family Pictures subtest does not. Therefore, participants in the study may
have experienced greater practice effects to the WMS-III Family Pictures subtest
than the AVLT and HVLT. It is our assumption, however, that the use of a
control condition would account for the impact of practice effects.
Fourth, the influence that computerized versus non-computerized stimuli
has on training gains are unknown. One advantage of computerized cognitive
training programs is the ability to make the activities enjoyable through
animation, graphics, and auditory stimuli. It is possible that participants in the
cognitive training program found the training more enjoyable, causing them to
focus on the material more than the paper and pencil programs of cognitive
stimulation.
Fifth, with a sample of only 53 older adults, power to detect small effect
sizes was limited. The lack of significant results at 3-months post-training could
also be due to the small longitudinal sample size (n = 17). As previously
explained, an estimated 50 people (about 16 in each condition) was needed to
detect a medium effect size (d = .58) as statistically significant with 95% power
with two-tailed statistical tests. However, a larger sample size would increase
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the statistical power and reduce the chance of Type I error. Thus, a larger
sample would improve the validity of the study.
Finally, this study examined the effects that two cognitive interventions
have on memory performance. The impact that these cognitive interventions
have on other cognitive domains such as processing speed, critical thinking,
computation, visuospatial orientation, and language abilities is also important.
Information regarding these training programs‟ direct effects as well as indirect
effects such as the transfer of training gains to functional domains is unknown
and should be investigated.
Future Research in Cognitive Interventions
Even though progress has been made in the field of memory training over
the years, there are still some changes that can continue to move this field
forward. To start, a missing component to current training approaches pertains
to the use of multiple methods. Rebok and colleagues (2007) suggest that
combining memory training with areas such as pharmacotherapy, lifestyle
changes, and exercise programs may enhance the benefits of training in more
than one area of health. Although only a few studies have attempted this type of
approach, results are promising. For example, studies that use physical training
(both aerobic and anaerobic activity) have found reduced risks of cognitive
decline and increased memory performance (Abbott et al., 2004; Colcombe &
Kramer, 2003; Dik, Deeg, Visser, & Jonker, 2003; Podewils et al., 2005; Weuve
et al., 2004). This evidence suggests that multi-domain training techniques may
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be the ideal way to extend benefits of training to other areas of health (Lustig &
Flegal, 2008).
Although there are many factors related to the administration of
assessments (i.e. testing competency in English, and testing vision at baseline),
hearing deficits are noted as the primary predictor of speech recognition
(Akeroyd, 2008). Thus, older adults who experience hearing loss will likely have
difficulties in recognizing speech, which directly impacts memory performance.
How much a person remembers depends on the organization and richness of
encoded information (Craik, 2007). In other words, if hearing is poor,
comprehension will suffer and result in poorer memory (Craik, 2007). Therefore,
it is important to address factors related to hearing difficulties. Two possible
ways to do this is by controlling for hearing ability or using standardized recorded
voice measurements (Roeser & Clark, 2008). Studies show that recorded
presentations of stimuli are superior to live voice presentations due to
standardization and greater reliability in obtained scores (Akeroyd, 2008; Brandy,
1966; Penrod, 1979). Therefore, training intervention studies need to address
the impact that hearing abilities may have on memory intervention outcomes.
Conclusion
This study examined whether two cognitive interventions, cognitive
training and cognitive stimulation, were effective at enhancing memory
performance. This study found that the adaptive cognitive training program,
Dakim BrainFitness, was effective at enhancing memory performance as
measured by AVLT delayed recall, HVLT immediate recall, and WMS-III Family
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Pictures delayed recall. There was no evidence that the non-adaptive program
of cognitive stimulation, Mind Your Mind, is effective at significantly improving
memory performance. These findings coincide with the Model of Adult Cognitive
Plasticity that in order to improve cognitive performance, brain exercises need to
be adaptive so that there is a continuous mismatch between the individual‟s
cognitive capacities and the demands of the task.
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